Exchange bias [1] refers to the shift of the magnetic hysteresis loop from zero magnetic field in a ferromagnet(FM)/antiferromagnet(AFM) system after field cooling to below the Néel temperature. Although it is widely used in magnetic recording technology, the mechanism of exchange bias has never been clearly resolved in the past five decades [2] . Early explanations assumed a perfectly uncompensated AFM interface which is magnetically coupled to the FM magnetization and the exchange bias is simply given by the FM/AFM interfacial coupling [3] . It was soon realized that this model is over simplified because it yields an exchange bias several orders of magnitude greater than the experimental values. This contradiction was addressed by assuming a mixed compensated/uncompensated AFM interface (e.g., by interfacial roughness) so that the residual overall interfacial coupling and the corresponding exchange bias should be significantly reduced [4] . However, this model depends heavily on the interfacial spin configurations, contradicting the relatively robust value of exchange bias found in experiments. Moreover, Koon showed that perpendicular FM/AFM interfacial magnetic coupling should be present even for a perfectly compensated AFM interface [5] though this coupling might not be responsible for exchange bias [ 6 ] . Further studies on FM/AFM interfacial coupling are more or less model dependent and aim to address specific AFM spin configurations to generating the exchange bias [7, 8, 9] . Different from the above approach which focuses on the interfacial FM/AFM coupling, Mauri et al. considered the formation of an AFM planar domain wall in response to the FM magnetization reversal [10] . They showed that the exchange bias in this case depends heavily on the strength of the interfacial coupling and can be classified into two distinct regimes (e.g., λ<<1 regime and λ>>1 regime where λ is the ratio of the FM/AFM interfacial coupling to the AFM planar domain wall energy). In the weak coupling regime (λ<<1), the exchange bias is simply determined by the interfacial coupling as discussed above/previously. In the strong coupling limit (λ>>1), however, the exchange bias does not scale with the FM/AFM interfacial coupling but rather reaches a maximum value corresponding to the formation of a 180 o planar domain wall within the AFM. The Mauri's model raises two important questions: (1) Are the AFM bulk spins relevant to the exchange bias? (2) Is the planar domain wall proposed by
Mauri responsible for the exchange bias in the strong coupling limit? Early experimental evidence on Mauri's model was based on indirect observations by measuring the FM hysteresis loops in FM/AFM/FM trilayers [11] . In more detailed experiments combining hysteresis loop and neutron diffraction measurements, however, Steadman et al. showed that neither the AFM domain wall nor the spin flop coupling is related to the exchange bias but that the anisotropy of the antiferromagnet is essential [ 12 ] . A clearer demonstration of the bulk AFM spins on the exchange bias was made in a clever designed experiment on Py/FeF 2 /Ni trilayer system in which parallel and antiparallel configurations of the Ni and Py magnetizations were obtained through field cooling and were shown to result in distinct exchange bias properties. However, a spring-like domain wall is not expected in the FeF 2 space layer due to its strong uniaxial magnetic anisotropy,
i.e. the Mauri planar domain wall model cannot explain the exchange bias in this system [13] . The difficulty in explaining the above described experiments is due to the lack of a direct and element-specific measurement of the AFM spins which became possible only after the development of the X-ray Magnetic Linear Dichroism (XMLD for NiO layers thinner than ~6nm after field cooling from the temperature above the NiO Néel temperature [18] . Therefore we do not expect any exchange bias in our system from the Fe/NiO interface after field cooling from room temperature. Our previous work [19] showed that Co spins in CoO films thicker than 2.5nm are strongly coupled to the crystal lattice and induce a strong in-plane uniaxial magnetic anisotropy in the Fe film with the hard magnetization axis perpendicular to the field cooling direction. We confirmed this result for the Fe(10nm)/CoO(5nm)/Ag(001) sample by measuring Fe hysteresis loops for magnetic fields applied orthogonally to the field cooling direction (H//y-axis). The Fe film exhibits the expected hard axis hysteresis loop with a saturation field of ~7000 Oe
[red line in Fig. 1(c) ]. We also measured the Fe hysteresis loop on the Fe(1.5nm)/NiO(6nm)/Fe(10nm)/CoO(5nm)/Ag(001) sample with the field applied orthogonally to the field cooling direction (H//y-axis). Because of the surface sensitivity of our electron yield measurement, the Fe XMCD signal in this configuration is dominated by the top Fe(1.5nm) layer [blue line in Fig. 1(c) ]. In contrast to the shows that the AFM domain wall cannot produce any exchange bias. Therefore our result rules out the Mauri's exchange bias mechanism for perpendicular FM/AFM coupling. This explains the result of Ref. [12] and why FM/NiO has a much weaker exchange bias than the Mauri's model value [14, 18] . Future theoretical models need to find new pinning mechanisms for the exchange bias other than the Mauri's 180 o domain wall mechanism.
For a quantitative analysis, we take into account that the probing depth of electron yield detection used in our experiments leads to a contribution of the XMLD signal at a distance z from the NiO surface of 2
NiO nm λ = is the electron escape depth for NiO [22] . Then the measured XMLD signal is a weighted averaged value of the NiO spin domain wall structure 
